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Nitinol stent oversizing in peripheral arteries is frequently performed by clinicians to ensure a desirable lumen gain and prevent stent
migration. However, the increased radial force exerted onto the artery walls by the stents could lead to significant arterial damage and
restenosis. With clinical studies reporting contradictory findings1,2 on the subject and numerical studies being performed exclusively
with balloon-expandable stents and on non-calcified arterial models, the mechanical impact of stent oversizing remains poorly
understood. Therefore, the objective of this study was to quantify the effects of gradual stent oversizing in calcified and non-calcified
peripheral arteries.
Balloon Angioplasty & Stent Implantation5
Adventitia   
Media         Calcification
Intima
> A clinically relevant level of Peripheral 
Arterial Disease
- Diameter of the healthy segment: 5mm
- 70 – 75% stenosis in the diseased section
> Individual tissues represented with an 
anisotropic, hyperelastic (HGO) model3
Fiber orientation
Volumetric change
Isotropic 
hyperelastic matrix
- Includes 2 families of collagen fibers & 
fiber dispersions for each layer 
> Plaque is modeled as isotropic, 
hyperelastic to represent a moderate
calcification4
Light
Moderate
Heavy
> Angioplasty balloon is modeled as a 
semi-compliant nylon
- Nominal diameter 
of 5 mm
- Depressurized to 
its folded config.
Arterial Models, Plaque Configuration & Self-Expandable Nitinol Stents
> Two different, self-expandable 
stent models
- Astron-Pulsar
(Biotronik AG)
- A braided wire-stent 
Supera stent (Abbott 
Vascular)
- Modeled with the 
super-elastic Nitinol
- Two rigid cylinders 
around the stents act 
as expansion and 
crimp tools
> Verification of the model by 
- Recreating uniaxial extension tests on individual arterial 
layers
- Checking the compliance of the artery under a cardiac cycle
- Compared the radial force profile of the Astron-Pulsar stent 
with experiments
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*Only 1/2 of the arteries are shown for visualization purposes
Results
The Effect of Balloon Angioplasty
Max. Circ. Stress 
(kPa)
Angioplasty only partially successful
Simulation Process
Nitinol Stent Oversizing
Astron-Pulsar
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Max. Circ. Stress 
(kPa)
Supera (Only calcified)
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Discussion & Conclusion
> Nitinol stent oversizing in non-calcified arteries induce an 
important increase in arterial stresses.
> Calcified arteries are more tolerant towards stent oversizing.
- Depends on the success of the angioplasty.
- The plaque, if partially cracked, acts as a protective layer
between the stent and the non-fibrotic layers.
> Regardless of the presence of a calcified tissue, oversizing 
provides limited lumen gain.
> The effects of oversizing in calcified arteries are highly 
dependent on the stent design.
- In contrast to the Astron-Pulsar, the preliminary simulations with 
the Supera stent showed decreasing lumen gain and arterial wall 
stresses with increased oversizing.
Limitations
> Both the material parameters and the deployment procedure 
defined for the Supera stent has been adapted from the Astron-
Pulsar. 
> The failure of the plaque is only defined by a perfect plasticity. 
- Other techniques, such as stress softening, should also be 
considered (either on their own or in combination with other 
methods).
> Once deployed, the stents were not post-dilated.
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- For the Supera stent, increased oversizing leads to
1. A more sparse contact pressure 
distribution along the length of the 
calcified segment
2. A decrease in the mean contact pressure
> Nitinol stent oversizing is not a risk-free 
procedure.
> To avoid creating conditions for restenosis, Nitinol
stents should be allowed to contribute to a late 
lumen gain.
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> A perfect 
plasticity of 
failure at 
400 kPa
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